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Abstract- Multiple Antenna Communication has become one of the major focuses in wireless communication research. MIMO 
Technology is used to enhance the system capacity. The effect of Fading and Interference can be combated to increase the capacity 
of a link. MIMO system uses Multiple Transmit and Multiple Receive antennas which exploit the multipath propagation in rich 
scattering environment. The matrix channel plays a pivotal role in the throughput of a MIMO link since the modulation, data rate, 
power allocation and antenna weights are dependent on the channel gain. Alternative in order to reduce the complexity of MIMO 
system, detection techniques are proposed but the complexity of algorithmic schemes are in higher than that of equalizer based 
techniques such as Zero Forcing (ZF), Minimum mean square Error Methods (MMSE) and Maximal Ratio Combining (MRC). 
 In this paper BER analysis is presented using different equalizers and then optimum equalization method is suggested. 
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(SIC), Binary Phase Shift Keying (BPSK), Fast Fading, Adaptive Equalization.  
 
        I.INTRODUCTION 
MIMO is an acronym that stands for Multiple Input Multiple Output. It is an antenna technology that is used both in 
transmitter and receiver equipment for wireless radio communication. MIMO uses multiple antennas to send multiple parallel 
signals for transmission. Wireless communication technology has shown that when multiple antennas at both transmitter and 
receiver are employed it provides the possibility of higher data rates compared to single antenna systems [1] [2]. MIMO 
exploit  the  space  dimension  to  improve  wireless  system  capacity,  range  and  reliability.  In  the  never-ending  search  for 
increased capacity in a wireless communication channel it has been shown that by using MIMO system architecture it is 
possible to increase that capacity substantially. Especially in broadband applications where Intersymbol interference is a 
critical factor. Equalizers are employed to reduce such interference.MIMO systems transmits different signals from each 
transmit element so that the receiving antenna array receives a superposition of all the transmitted signals. All signals are 
transmitted from all elements once and the receiver solves a linear equation system to demodulate the message. In this paper, 
different  equalization  approach  called  Minimum  Mean  Square  Error  (MMSE),  Zero  Forcing  (ZF)  and  Maximal  Ratio 
Combining  (MRC),  equalization  has  been  discussed.  The  channel  as  a  flat  fading  Rayleigh  multipath  channel  and  the 
modulation as BPSK has been taken. 
                         II.MIMO DETECTORS 
 
The reception of data that is transmitted serially over the dispersive medium is complex as the presence of channel induced 
Interference is there. There are many techniques for reducing the complexity for the optimal reception of a receiver. In a 2×2 
MIMO channel, input data symbols can be transmitted in sequence,  
for example {x ,x ,x ,x ,x ,x …..x }.   
Symbols can be grouped in a pair of two. 
In the first time slot,  x and x   can be send from the first and the second antenna.  
In second time slot, x and x  can be send from the first and the second antenna,  
and x and x  in the third time slot and so on.  International Journal of Electronics and Computer Science Engineering                
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As two symbols  are in  a  group  and sending  them in  one  time  slot, there  is  a  need of  n
2     time slots to  complete the 
transmission so data rate is doubled. This forms the simple explanation of a probable MIMO transmission scheme with 2 
transmit antennas and 2 receive antenna. 
 
Figure.1- 2 Transmit 2 Receive MIMO channel 
III. MINIMUM MEAN SQUARE ERROR ESTIMATOR – MATHEMATICS 
 
A minimum mean square error (MMSE) estimator describes the approach which minimizes the mean square error (MSE), 
which is a common measure of estimator quality. The main feature of MMSE equalizer, is that it does not usually eliminate 
ISI completely but, minimizes the total power of the noise and ISI components in the output. Let x be an unknown random 
variable, and let y be a known random variable. An estimator x^ (y) is any function of the measurement y, and its mean 
square error is given by 
MSE = E { X^ X  }    
Where the expectation is taken over both x and y.   
The MMSE estimator is then defined as the estimator achieving minimal MSE. In many cases, it is not possible to determine 
a closed form for the MMSE estimator. In these cases, one possibility is to seek the technique minimizing the MSE within a 
particular class, such as the class of linear estimators. The linear MMSE estimator is the estimator achieving minimum MSE 
among all estimators of the form AY + b. If the measurement Y is a random vector, A is a matrix and b is a vector. 
Let us now try to understand the math for extracting the two symbols which interfered with each other. In the first time slot, 
the received signal on the first receive antenna is, 
The received symbols after transmission of symbols in first time slots can be given as   
The received [4] symbol on first receive antenna is, 
y = h , x  + h , x  + n =  h , h ,    
x 
x 
  + n .                     (1.1) 
The received signal on the second receive antenna is, 
y  = h , x  + h , x  +n  =  h , h ,    
x 
x 
  + n                      (1.2) 
Where 
y , y  are the received symbols on the first and second antenna respectively, 
h ,  is the channel from 1st transmit antenna to 1st receive antenna, International Journal of Electronics and Computer Science Engineering                
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h ,  is the channel from 2nd transmit antenna to 1st receive antenna, 
h ,  is the channel from 1st transmit antenna to 2nd receive antenna, 
h ,  is the channel from 2nd transmit antenna to 2nd receive antenna, 
x , x  are the transmitted symbols and n ,n  is the noise on 1st, 2nd receive antennas. 
The equation can be represented in a matrix notation as follows 
 
y 
y 
  =  
h ,  h , 
h ,  h , 
     
x 
x 
  +  
n 
n 
                            (1.3) 
Equivalently  
y = H  + n                              (1.4) 
The Minimum Mean Square Error (MMSE) approach tries to find a coefficient W which minimizes the 
E {[Wy-x] [Wy-x] H}                            (1.5) 
Criterion,  
Where W - Equalization Matrix, H - Channel Matrix and, n - Channel noise, y- Received signal. 
To solve for x, we need to find a matrix W which satisfies WH =I. The Minimum Mean Square Error (MMSE) detector for 
meeting this constraint is given by, 
This matrix is known as the Pseudo inverse for a general m x n matrix where 
H  H =  
h , 
∗ h , 
∗
h , 
∗ h , 
∗        
h , 
∗ h , 
∗
h , 
∗ h , 
∗   =  
 h ,  
 
+  h ,  
 
h , 
∗ h ,    + h , 
∗ h ,   
h , 
∗ h ,    + h , 
∗ h ,     h ,  
 
+  h ,  
                 (1.6) 
When comparing the eq. (1.5) to the eq. (2.5) in Zero Forcing equalizer, apart from NoI the term both the equations are 
comparable. In fact, when the noise term is zero, the MMSE equalizer reduces to Zero Forcing equalizer. 
 
 
IV. MMSE EQUALIZER 
 
In MIMO wireless communication, an equalizer is employed which is a network that makes an attempt to recover a signal 
that has suffers with an Inter symbol Interference (ISI) and proves the BER characteristics and maintains a good SNR. A 
Minimum Mean Square Error (MMSE) estimator is a method in which it minimizes the mean square error (MSE), which is a 
common  measure  of  estimator  quality.  Minimum  mean-square  error  equalizer,  which  does  not  usually  eliminate  ISI 
completely but instead, minimizes the total power of the noise and ISI components in the output. The MMSE estimator is 
then defined as the estimator achieving minimal MSE. Generally, it very difficult to determine a closed form for the MMSE 
estimator. In these cases, one possibility is to seek the technique minimizing the MSE within a particular class, such as the 
class of linear estimators. The linear MMSE estimator is the estimator achieving minimum MSE among all estimators of the 
form AY + b. If the measurement Y is a random vector, A is a matrix and b is a vector. 
 
V. ZERO FORCING EQUALIZER MATHEMATICS 
 
Zero  Forcing  Equalizer is  a linear  equalization  algorithm  used in communication systems,  which inverts the  frequency 
response of the channel. The Zero-Forcing Equalizer applies the inverse of the channel to the received signal, to restore the 
signal before the channel. The name Zero Forcing corresponds to bringing down the ISI to zero in a noise free case. This will 
be useful when ISI is significant compared to noise. For a channel with frequency response F (f) the zero forcing equalizer C 
(f) is constructed such that C (f) = 1 / F (f). Thus the combination of channel and equalizer gives a flat frequency response 
and linear phase F (f) C (f) = 1.If the channel response for a particular channel is H(s) then the input signal is multiplied by 
the reciprocal of this. This is intended to remove the effect of channel from the received signal, in particular the Intersymbol 
Interference (ISI). For simplicity let us consider a 2x2 MIMO channel, the channel is modeled as, 
The received [4] symbol on first receive antenna is, 
y = h , x  + h , x  + n =  h , h ,    
x 
x 
  + n .                      (2.1) 
The received signal on the second receive antenna is, International Journal of Electronics and Computer Science Engineering                
 
                          Available Online at www.ijecse.org                                            ISSN- 2277-1956 
 
ISSN 2277-1956/V1N3-1678-1685                                                        
 
y  = h , x  + h , x  +n  =  h , h ,    
x 
x 
  + n                       (2.2) 
Where 
y , y  are the received symbols on the first and second antenna respectively, 
h ,  is the channel from 1st transmit antenna to 1st receive antenna,  
h ,   is the channel from 2nd transmit antenna to 1st receive antenna, 
h ,  is the channel from 1st transmit antenna to 2nd receive antenna, 
h ,  is the channel from 2nd transmit antenna to 2nd receive antenna, 
x , x  are the transmitted symbols and n ,n  is the noise on 1st, 2nd receive antennas. 
The equation can be represented in a matrix notation as follows 
 
y 
y 
  =  
h ,  h , 
h ,  h , 
     
x 
x 
  +  
n 
n 
                             
(2.3) 
Equivalently, 
y = Hx + n                              (2.4) 
To solve for x, we need to find a matrix W which satisfies WH = I. The Zero Forcing (ZF) detector for meeting this 
constraint is given by,                 
W =  H    H    H                                          (2.5) 
Where W - Equalization Matrix and H - Channel Matrix 
This matrix is known as the Pseudo inverse for a general m x n matrix where 
H  H =  
h , 
∗ h , 
∗
h , 
∗ h , 
∗        
h , 
∗ h , 
∗
h , 
∗ h , 
∗   =  
 h ,  
 
+  h ,  
 
h , 
∗ h ,    + h , 
∗ h ,   
h , 
∗ h ,    + h , 
∗ h ,     h ,  
 
+  h ,  
                   (2.6) 
Note that the off diagonal elements in the matrix HHH are not zero, Because the off diagonal elements are non zero in values. 
Zero forcing equalizer tries to null out the interfering terms when performing the equalization, i.e. when solving for x1 the 
interference from x2 is tried to be nulled and vice versa. While doing so, there can be an amplification of noise. Hence the 
Zero forcing equalizer is not the best possible equalizer. However, it is simple and reasonably easy to implement. For BPSK 
Modulation in Rayleigh fading channel, the BER is defined as 
P       
 
    1 −  
      ⁄
               ⁄                              (2.7)  
Where 
P  - Bit Error Rate and  E  N  ⁄  - Signal to noise Ratio           
   
VI. MAXIMAL-RATIO COMBINING 
   
Various techniques are known to combine the signals from multiple diversity branches. In Maximum Ratio combining each 
signal branch is multiplied by a weight factor that is proportional to the signal amplitude. That is, branches with strong signal 
are further amplified, while weak signals are attenuated. In telecommunications, maximal-ratio combining is a method of 
diversity  combining  in  which  the  signals from  each  channel  are  added together  and  the  gain  of  each  channel is  made 
proportional to the RMS value of signal  and inversely proportional to the mean square noise level in that channel. Different 
proportionality constants are used for each channel. It is also known as ratio-squared combining and pre detection combining. 
Maximal-ratio-combining is the optimum combiner for independent AWGN channels. Matthew R. McKay et.al. [3] proposed 
multiple-input multiple-output (MIMO) transmit beamforming systems with maximum ratio combining (MRC) receivers. He 
also proved that MIMO-MRC achieves the maximum available spatial diversity order, spatial correlation. International Journal of Electronics and Computer Science Engineering                
 
                          Available Online at www.ijecse.org                                            ISSN- 2277-1956 
 
ISSN 2277-1956/V1N3-1678-1685                                                        
 
 
Figure.2-  L-branch antenna diversity receiver (L = 5). With MRC, the attenuation/amplification factor is proportional to 
the signal amplitude ai = ri for each channel i. 
 
Figure.2- Maximal Ratio Combining Receiver Diversity 
 
Distribution of signal power, After MRC i.i.d of Rayleigh fading signals, and the received signal exhibits Nakagami fading, 
with a Gamma distribution. This allows relative simple mathematical evaluation of for instance outage probabilities. The idea 
to boost the strong signal components and attenuate the weak signal components, as performed in MRC diversity, is exactly 
the same as the type of filtering and signal weighting  
used in matched filter.  
The bit error rate (BER) of  the MRC scheme is derived  for binary phase-shift keying (BPSK) in flat Rayleigh fading 
channels. The BER analysis demonstrates that the MRC scheme can achieve a full diversity order at high signal-to-noise 
ratios (SNRs), as if all the transmit antennas were used. The average SNR gain of the MRC is quantified and compared with 
those of uncoded receiver MRC and space-time block codes (STBCs). The analytical results are verified by simulation. It is 
shown that the MRC scheme outperforms some more complex space-time codes of the same spectral efficiency. The cost of 
the improved performance is a low-rate feedback channel. We also show that channel estimation  errors based on pilot 
symbols have no impact on the diversity order over quasi-static fading channels. 
MIMO antenna systems can improve the performance and the bandwidth efficiency of a wireless communication system 
greatly, but the existence of the inter symbol interference (ISI) strongly limits its performance over frequency selective (FS) 
channels. In this paper, a new equalization algorithm, maximum ration combining is proposed for MIMO system over FS 
channels,  which  combines  all  the  symbol  energy  scattered  in  the  time  domain  based  on  MRC.  Simulation  results 
demonstrate  MRC  algorithm  greatly  improve  the  performance  of  MIMO  system  over  FS  channels  and  has  better 
performance than ZF and MMSE based receivers. Moreover, It has another advantage that any other detection method for 
MIMO system can be combined with it to improve the performance of MIMO system over FS channels. 
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VII. PROPOSED ALGORITHM 
                     
 
 
 
 
 
  Figure.3- Flow Chart representation shows the Design Methodology for MMSE Equalizer 
 
(a)                                                                                                    (b) 
 
 Figure .4 - (a) Simulation results for BER of MMSE, theoretical results for ZF and MRC Equalizer in 2x2 MIMO  
                          (b)  Bar Graph results for BER of MMSE, ZF and MRC Equalizer. 
 
START 
Generation of random binary sequence 
BPSK Modulation i.e. bit 0 represented as -1 and 1 represented as +1  
Convolving the symbols with a 3 tap fixed fading channel 
Adding White Gaussian Noise 
Computing the MMSE, ZF equalization filter at the receiver 
Demodulation and conversion to bits 
Counting the number of bit errors 
Repeating for multiple values of Eb/No 
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         (c)                                                                                     (d) 
 
                Figure.6- (c) Comparison between BER for different number of Receivers in 2xN MIMO  
                                (d) Bar Graph results for BER for different number of Receivers in 2xN MIMO 
   
   
 
  TABLE-1 EXPERIMENT RESULT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VIII. CONCLUSION 
 
The simulations were carried out at signal processing lab .Now let us consider the simulation analysis of MMSE equalizer for 
2 x n antenna configurations which means keeping the transmitter antenna as two and vary the number of antennas in the 
receiver side. From the figure window shown in figure no. 6, it’s evident that the BER decreases as the receiver antenna 
increases for all of the equalizers. For a better clarity the data from the figure window is taken and plotted in the form of bar 
chart as shown in figure no 7. Also, comparison has been done between three mentioned techniques. This can be done by 
comparing BER of three techniques for 2 x 2 equalizers as shown in figure no. 4. Comparative Bar graph of BER for three 2 
x 2 equalizer is given in figure no. 5. 
Eb/No  BER Values for MMSE, ZF and MRC Equalizer in (2×4) MIMO system 
No of Receivers  SimBer MMSE  TheoryBer ZF  TheoryBer MRC 
Column 1  0.0193            0.1464  0.0581 
Column 2  0.0129            0.1267  0.0441 
Column 3  0.0082            0.1085  0.0328 
Column 4  0.0051            0.0919  0.0238 
Column 5  0.0031  0.0771     0.0169 
Column 6  0.0018  0.0642     0.0118 
Column 7  0.0010  0.0530     0.0081 International Journal of Electronics and Computer Science Engineering                
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This is a simulation study on the performance analysis of m x n Equalizer based MMSE, ZF and MRC receiver for MIMO 
wireless channel. BER got from ZF, MRC and MMSE are respectively 0.0193, 0.1464 and 0.0581. So, it is very clear from 
the results that MRC is the best Equalization method for MIMO system. Also, a more balanced linear equalizer is the 
Minimum mean square error equalizer, which however is not eliminate ISI completely but instead minimizes the total power 
of the noise and ISI components in the output. From the simulation results it is evident that the BER decreases as the number 
of receiving antenna increases with respect to number of transmitting antenna in all the three equalizer based MIMO receiver.  
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